Abstract-In this paper, we study the normalized wavelength and attenuation constant of coplanar waveguides with a finite metal thickness. The substrate is a lossy inhomogeneous insulator-semiconductor, and the conductor is assumed perfect. Electroquasi-static approximation is used to derive a Laplace's equation with a complex permittivity in each inhomogeneous layer, from which the eigenmodes are obtained. Proper boundary conditions between contiguous layers are applied to calculate the charge distribution on the center conductor. As long as the cross-section dimension of the coplanar waveguide is a small fraction of one wavelength, the quasi-TEM analysis can be applied to model its propagation properties even up to the millimeter wave range. In [9] , an electrostatic formulation is used to calculate the capacitance and inductance matrices on which the quasi-TEM analysis is based. Resistive loss due to imperfect conduct has been studied by using quasi-TEM approach [lo] and conformal mapping technique [11] . In [12] , both the semiconductor loss and conductor loss are considered. Overall, the inhomogeneities of substrate is only analyzed in [SI.
Manuscnpt received November 10, 1995 , revised May 24, 1996 In this paper, we propose a new approach to solve the potential distribution of coplanar waveguides on an inhomogeneous and lossy substrate. The potential in each inhomogeneous layer can be expressed in terms of only a few eigenmodes which are obtained by solving the Laplace's equation with a complex permittivity. Reflection matrices are also defined to further reduce the number of unknowns. In contrast, the finite difference and finite element type of approaches require many unknowns to describe the potential distribution. The complex charge distribution on the center conductor is then calculated and used in the subsequent quasi-TEM analysis to study the normalized wavelength and attenuation constant.
FORMULATION
Assuming that the dimension of interest is much smaller than one wavelength, hence the electric field can be expressed as the gradient of a potential E = -Vd. From the charge conservation and the Ohm's law, we have V . aE = i w p . Combining these two equations with the Gauss' law, a Laplace's equation with a complex permittivity is obtained
In Fig. I , we show the configuration of a coplanar waveguide in a lossy inhomogeneous stratified medium. The permittivity and conductivity in each layer is a piecewise continuous function of and is independent of z . Two perfect electric conductor walls are located at x = 0 and z = a as the potential reference.
Explicitly, the Laplace's equation in layer ( m ) is where CO is the capacitance per unit length with the whole stratified medium replaced by free space.
NUMERICAL RESULTS
In Fig. 2 , we show the normalized wavelength and the attenuation constant of a coplanar waveguide on an insulator-semiconductor-insulator substrate. Since the dielectric constant of the semiconductor is higher than that of the top insulator layer, the effective dielectric constant of the dominant mode decreases and the normalized wavelength increases as the semiconductor layer gets thinner. As the semiconductor layer gets thinner, the electric fields pass through less semiconductor area, hence the attenuation constant decreases. When t = , / ( t , + t 2 ) is above 0.8, the bottom insulator with high dielectric constant makes the field distribution shift downward, and the field in the semiconductor layer becomes stronger. Thus the attenuation constant increases slightly. The deviation between our results and the reference data from [2] is reasonably small considering that the full-wave approach is used in [ 2 ] . In Fig. 3 , we show the normalized wavelength of a coplanar waveguide on an inhomogeneous insulator-semiconductor substrate. Since the semconductor attenuates the dominant mode, an insulator region may be fabricated into the semiconductor substrate to reduce the loss. Less loss is incurred as the insulator depth increases, hence the phase velocity increases. However, the attenuation constant in Fig. 4 shows that the structure with a deeper insulator region has a higher attenuation constant, which is opposite to what we have expected.
So, we calculate the propagation constant with the same geometrical and electrical parameters except that the conductivity in the semconductor is set to 0.1 U/m. The normalized wavelength shows little deviation among three different insulator depths because the loss is smaller than in the case with = lo5 U/m. The attenuation constants are consistent with what we have expected that deeper insulator gives less loss. We also observe that the attenuation constant reaches a maximum then decreases as the frequency increases. It is because the field hstribution concentrates more around the center conductor at high frequencies.
To the attenuation constant with a low conductivity is larger than that with a high conductivity. As the phase velocity transits from the low plains to the high plateau, the attenuation increases. When the phase velocity falls in the high plateau, the fields tend to concentrate around the center conductor, and the attenuation constant decreases. With a higher conductivity, the rise of the attenuation constant occurs at a higher frequency, and the magnitude is larger than that with a low conductivity.
IV. CONCLUSION
The variations of normalized wavelength and attenuation constant with frequency of a coplanar waveguide on an inhomogeneous insulator semiconductor substrate have been analyzed. A new eigenmode approach is first proposed to solve the Laplace's equation with a complex permittivity to obtain the potential distribution in an inhomogeneous stratified medium. The charge distribution on the center conductor is then used in the quasi-TEM analysis to obtain the propagation constant with different semiconductor conductivities and insulator depths. A frequency range exists where the phase velocity rises from a low plains to a high plateau, and the attenuation constant rises to a maximum then decreases. The transit frequency is higher with a higher semiconductor conductivity.
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